Overexpression of the NHE1 isoform of the Na(+)/H (+) exchanger causes elevated apoptosis in isolated cardiomyocytes after hypoxia/reoxygenation challenge.
The mammalian Na(+)/H(+) exchanger isoform 1 (NHE1) is a ubiquitously expressed membrane protein that regulates intracellular pH in the myocardium and other tissues. NHE1 is an important mediator of myocardial damage that occurs after ischemia-reperfusion injury. It has also been implicated in apoptotic damage in many tissues and its expression and activity are elevated in disease states in the myocardium. In this study, we examined the effect of additional exogenous NHE1 expression on isolated cardiomyocytes susceptibility to ischemia/reperfusion damage. Exogenous NHE1 elevated Na(+)/H(+) exchanger expression and activity when introduced into isolated cardiomyocytes through an adenoviral system. Isolated cardiomyocytes were subjected to simulated ischemia and reperfusion after infection with either control or NHE1-containing adenovirus. Cells were placed into an anaerobic chamber and effects of NHE1 expression after hypoxia/reoxygenation were examined. Hypoxia/reoxygenation increased caspase-3-like activity in controls, and the effect was greatly magnified in cells expressing NHE1 protein. It also elevated the percentage of apoptotic cardiomyocytes, which was also aggravated by expression of NHE1 protein. Hypoxia/reoxygenation also increased phospho-ERK levels. Elevated NHE1 expression was coincidental with increased expression of the ER stress protein, protein disulfide isomerase (PDI) and calreticulin (CRT). Our results demonstrate that increased NHE1 protein expression makes cells more susceptible to damage induced by hypoxia/reoxygenation in isolated cardiomyocytes. They suggest that elevated NHE1 in cardiovascular disease could predispose the human myocardium to enhanced apoptotic damage.